EXPERIMENTAL CONGENITAL TOXOPLASMOSIS : II. TRANSMISSION OF TOXOPLASMOSIS TO THE PLACENTA AND FETUS FOLLOWING VAGINAL INFECTION IN THE PREGNANT MOUSE by Cowen, David & Wolf, Abner
EXPERIMENTAL  CONGENITAL TOXOPLASMOSIS 
II.  TRANSMISSION  OF  'I~oxOPLASMOSIS  TO  THE  PLACENTA  AND  FETUS 
FOLLOWING  VAGINAL  INFECTION  IN  THE  PREGNANT 
MOUSE* 
BY DAVID  COWEN,  M.D.,  AND ABNER  WOLF,  M.D. 
(From the Departments of Patkology and Neurology, College of Physicians and Surgeons, 
Columbia  University, and  tke  Neurological Institute,  Presbyterian Hospital, 
New York) 
PLATE 23 
(Received for publication, July 13, 1950) 
The manifest signs, pathology, and pathogenesis of experimental toxoplas- 
mosis  in  the female mouse produced  by the inoculation of  Toxoplasma-in- 
fected tissue  suspensions  into  the vagina are described in  other papers  of 
this series (1, 2). It was found that a large proportion of the animals developed 
toxoplasmic vaginitis and that the local infection in the genital tract was fre- 
quently followed by dissemination of the infection to distant parts of the body, 
especially to the central nervous system and lungs. The experiments were under- 
taken, in part, to determine whether the offspring of animals exposed during 
pregnancy acquired the disease  prior to birth, and thus, perhaps,  to clarify 
certain problems of congenital toxoplasmosis  in man. Observation of a large 
series  of pregnant animals has shown that,  under suitable conditions, such 
congenital transplacental passage  does,  indeed, occur. The present report is 
concerned with  toxoplasmic infection in  the placentas and fetuses of these 
vaginally infected mice, while the characteristics of the disease in the surviving 
offspring are described separately (3, 4). 
EXPERIMENTAL 
Data concerning the source of Toxoplasma, mating of the animals, and methods of inocula- 
tion have already been given in detail (1). Pregnant white mice were infected at varying stages 
of gestation by the intravaginal instillation of Toxoplasma-infected mouse brain suspension, 
or by the use of gauze tampons saturated witha similar suspension. After one or more exposures 
the animals were observed daily until they died or were about to die of the infection, or until 
the young were born, if no signs of infection became manifest. After the animals died or were 
sacrificed by etherization, the maternal tissues and all available placentas and fetuses were 
examined microscopically according to the technique outlined below. 
* These studies were aided by grants from the William J. Matheson Commission and the 
National Mental Health Council, Federal Security Agency. 
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Among the animals was a  group of 31  mice reserved for more detailed  study. They were 
exposed to Toxoplasma  on the 8th to 10th day of gestation, the period found after many trials 
TABLE I 
Demonstration  of Toxoplasma  in Maternal  and  Fetal  Tissues of Mice Following  Vaginal  Instilla~ion  on the 
8th to lOth Day of Pregnancy 
Time of 
pregnancy 
on  which 
tests were 
done 
day 
llth 
13th 
15th 
17th 
18th 
19th 
20th 
Postpartum 
4 to 12 
hrs. 
q- ffi Toxoplasraa demonstrated by animal inoculation. 0 ffi no Toxoplasma demonstrated. L = lesions  of toxoplasmosis  pres- 
ent in histologic sections. T =  Toxoplasma present in histologie sections. In the fractions, the  denominator refers to the  num- 
ber of pregnant mice, families of fetuses, etc., examined, not to the number of individual fetuses, placentas, etc.; the  numerator 
gives the number found to be positive. 
to be the most favorable for producing congenital infection, and were sacrificed at various in- 
tervals short of the completion of pregnancy in order to observe the earliest stages in the pro- 
gression of the infection from mother to placenta and fetus. The maternal tissues, placentas, 
and fetuses of these mice were not only examined histologically, but coincident subinoculations DAVID  COWEN  AND  ABNER  WOLF  405 
of blood and tissues into test animals were made in an effort to demonstrate the presence of 
Toxoplasma  prior to its microscopic visualization. The results are summarized in Table I  and 
will be further referred to below. 
The total material available for study was as follows:- 
Total number of mice mated and infected  602 
Number of mice providing placentas, fetuses, or offspring  195 
"  "  "  "  placentas  76  (346 placentas) 
"  "  "  "  fetuses  61  (331 fetuses) 
Pathologic Technique.--All tissues were fixed in 10 per cent formaldehyde solution for 4 to 7 
days.  Fetuses with their attached placentas were,  whenever possible, preserved within the 
uterine investment by segmenting the uterine horn between each contiguous pair. After fixa- 
tion, a  series of transverse slabs including uterine wall, amnion, placenta, and fetus was cut 
from each. The mothers were dissected as promptly as possible after death and the individual 
organs fixed  whole, preparatory to cutting appropriate blocks from them. In the case of the 
pregnant mice providing blood, placenta, and fetal tissue for subinoculation, the fetuses and 
maternal tissues remaining after removal of these samples were preserved for parallel histologic 
studies. All tissues were embedded in paraffin, cut at S to 6p, and stained with hematoxylin 
and eosin. K6ssa's technique for the demonstration of calcium was applied in some instances. 
Technique  of Inoculating  Maternal and Fetal  Tissues into Mice.--(a) Mother's  Tail Blood: 
The tail was wiped clean with 70 per cent alcohol, allowed to dry, and clipped near its tip with 
sterile scissors.  Several small drops of blood from the cut surface were drawn up into a syringe 
through a fine needle, and 0.01 .to 0.02 cc. inoculated immediately into the brain of each of 2 
normal, 12 to 16 gm., mice. 
(b)  Fetal Tissues: After securing a  sample of tail blood,  the pregnant mouse was lightly 
anesthetized with ether. The abdomen was then opened under aseptic precautions by a lower 
midline linear incision, 2.5 to 3.0 cm. in length, and the presenting portion of one uterine horn 
with its contained fetuses was delivered and laid out on a  piece of sterile gauze. By making a 
small slit in the wall of the uterus away from the mesometrium and region of the placental at- 
tachment, a  living fetus was  readily extracted without contamination by either uterine or 
placental blood. The umbilical cord was then cut near its abdominal attachment. Additional 
fetuses were obtained from the same and opposite uterine horn in the same fashion. In most 
cases 3 or 4 fetuses were removed from each pregnant animal, while in 3 mice, examined on the 
llth, 17th, and 20th days respectively, only 2 fetuses, 1 from each side of the uterus, were used. 
After extraction from the uterus the fetuses were thoroughly rinsed in physiological salt solu- 
tion. The tissues were prepared in several ways for inoculation. In some instances the entire 
brain, thoracic and abdominal viscera were removed with a  fresh set of sterile instruments 
which had not come in contact with the tissues of the mother. This pool of fetal tissues was 
ground briefly in a  mortar and suspended in as small a  quantity of salt solution as would 
permit drawing the mixture into a syringe through a 27 gauge needle. This procedure yielded a 
suspension roughly of 10 to 20 per cent. In the case of younger fetuses the bodies were ground 
up whole in a heavy mortar in order to prepare the suspension. In other instances, particularly 
in the later stages of pregnancy, the brain and pieces of lung and liver were dissected out 
individually and separate suspensions were made of each of these organs. 
(c) Placenta:  After removal of the fetus gentle traction served to withdraw the correspond- 
ing placental disc and adherent membranes. The number of placentas used in each test was 
equal to that of the fetuses. They were rinsed in fresh salt solution to remove surface blood 
and amniotic fluid, dried momentarily on sterile gauze, ground up together, and suspended in 
physiological salt solution to give a concentration of 10 to 20 per cent. 
(d)  Uterus:  Small pieces of the wall of the uterine horns adjacent to the incision used to 
extract each fetus and placenta were excised and, after rinsing and grinding, were taken up 406  EXPERIMENTAL  CONGENITAL  TOXOPLAS~fOSIS.  II 
into a 10 to 20 per cent saline suspension. The samples included chiefly the muscle coat and 
possibly some decidua capsularis, but care was taken  to avoid the region of the placental 
site. 
(e) Amniotic  Fluid: This was obtained by direct withdrawal from the intact amniotic sac 
by means of a fine needle and syringe. 
(f)  Inoculation  of  Test  Animals:  Each  tissue  suspension was  inoculated  intracerebrally 
(0.02 cc.) and intraperitoneally  (0.1 to 0.3 cc.) in 2, 12 to 16 gin. normal mice. The amniotic 
fluid was injected intracerebrally  only, in a volume of 0.02 cc. Following inoculation many 
of the mice became ill or died of toxoplasmosis  within 8 to 12 days. Those remaining symptom- 
free were killed at the end of 14 to 21 days. The brains and other organs of all injected mice, 
whether they died or were asymptomatic, were examined in histological sections for evidences 
of active toxoplasmosis. The pathologic technique employed is described above. The material 
inoculated was considered to contain  Toxoplasma if the tissues of one or both test  animals 
proved  to contain  typical  inflammatory  lesions and parasites.  In the positive animals  the 
brain was almost always involved and other organs were less constantly affected. 
RESULTS 
Placentaz--The  following discussion  of  toxoplasmosis  of  the  placenta  will 
be concerned first with the conditions under which this organ was implicated, 
and the frequency of infection, as revealed by an examination of microscopic 
sections. The results of the inoculation of placental tissue suspensions into test 
animals as a means of revealing placental infection will then be referred to, and 
finally, the histopathology of the placental infection will be described. 
Of  76 pregnancies  in which  one or  more  placentas  were  secured  and  ex- 
amined histologically, specific lesions of toxoplasmosis, and associated parasites, 
were  found in 41,  or in  189 of the  total  number of 346 available  individual 
placentas. A minimum interval of 9 to 10, and more commonly 11 or more days 
elapsed between the initial vaginal instillation of Toxoplasma  and the appear- 
ance of the earliest  lesions in the placenta.  This corresponds closely with  the 
similar interval which precedes the development of toxoplasmic lesions in the 
nervous system and other peripheral  tissues of the mother and implies a  rela- 
tionship between them.  Indeed,  in every instance in which placental  infection 
was recognized microscopically,  concomitant  inflammatory lesions  and  para- 
sites  were also demonstrated  in histologic sections  of other maternal  tissues, 
particularly  the brain and lungs.  Sections of the vagina were examined  in 19 
of the  41  positive  animals.  All  contained  toxoplasmic  lesions  in  the  vaginal 
wall and parasites were identified in the lesions of 13. 
In animals manifesting placental infection the majority or all of the placen- 
tas belonging to a  given pregnancy were often involved. Thus,  there were 19 
mice in which every placenta obtained for examination,  ranging from 1 to 11 
in different instances,  showed histologic evidence of toxoplasmosis,  and there 
were an additional  11 in which more than half of the placentas were affected. 
In each of the remaining  11 pregnancies infection was recognize(t in one-half 
or less  of the  available placentas.  It  seems probable  that had  serial  sections DAVID  COWEN  AND  ABNER  WOLF  407 
been made, instead of the usual one to three sections per placenta which were 
examined, the presence of infection could have been demonstrated in many or 
most of the apparently negative specimens. 
20 of the 41 pregnant mice having infected placentas had been exposed twice 
to Toxoplasma between the 8th and 10th days of pregnancy; i.e., on the 8th and 
9th, 8th and 10th, or 9th and 10th days. The remainder had been given their 
first instillation at an earlier period, varying from the 3rd to the 7th day, and 
some of these received subsequent instillations after this time. That placental 
infection may occur, however, when the exposure of the mother is limited to the 
first trimester of pregnancy, is indicated by the presence of lesions and parasites 
in the placentas of 2 animals which had been instilled on the 3rd and 5th days, 
2 on the 3th and 6th days, I on the 3th and 7th days, I on the 6th day only, and 
5 on the 6th and 7th days of pregnancy. Data are not available as to whether 
placental infection may follow exposure of the mother before the 3rd day of 
pregnancy, but it seems likely that this could occur. With rare exceptions pla- 
centas were not obtained from mice infected after the 10th day since in such 
cases pregnancy usually continued to term and the expelled placentas were 
eaten. Placental lesions would not be expected after such late exposure because 
of the relatively short period elapsing between the initiation of the vaginal 
infection and the termination of pregnancy. 
Of  the  33  mice in  which  the  I02  available placentas were histologically 
negative, the maternal tissues showed no microscopic evidence of toxoplasmosis 
in 6 and the mother proved to be infected in 29. In 7 of these 29 mice, however, 
the placentas were autolyzed or represented by small fragments, and were not 
truly adequate for histologic examination, while in 22 the placentas were ob- 
tained 9 to 11 days or less following the initial vaginal exposure of the mother 
to Toxoplas~, that is, within the minimum critical interval in which histologic 
indications of dissemination of the infection from the vagina to distant tissues 
are to be expected. Indeed, the maternal lesions in most of these animals were 
as yet confined to the vaginal wall. 
Inoculation  of Placental  Tissue  and Maternal  Tail Blood into  Test Mice:-- 
Table I lists a series of 31 pregnant mice infected with Toxoplasma by vaginal 
instillation on the 8th to 10th day of pregnancy. The placentas of these animals 
were tested for the presence of parasites by the intracerebral and  intraperi- 
toneal inoculation of normal mice according to the technique described above. 
The inoculations were done at varying intervals after infection up to the time of 
parturition. In each instance the mother's tissues, and other placentas from 
the same pregnancy, were examined microscopically for lesions of toxoplasmosis. 
It will be seen that on the llth day of pregnancy, the earliest phase inves- 
tigated,  specific  lesions were already present in  the vaginal wall,  and were 
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Toxoplasma on inoculation.  Inflammatory lesions in the vaginal wall, associ- 
ated in most instances with the causative parasites,  persisted  throughout the 
remainder of pregnancy. On the 13th day parasites were found in the peripheral 
blood and placenta of only 1 of 4 pregnant animals tested, at which time the 
placenta and all other  tissues,  with the exception  of the vagina, remained 
histologically  negative.  Beginning with the 15th day and continuing for the 
duration of pregnancy, virtually all the mice examined had Toxoplc~ma in the 
peripheral  blood and placenta. Histologic evidence of infection of the placenta, 
however, was not forthcoming until the 17th day, when it was found in 3 of 5 
mice studied. Placental lesions and parasites were almost constantly present 
on the 18th, 19th, and 20th days. During the period before the 17th day, when 
Toxoplasma was  revealed  by inoculation of placental tissue,  but  absent  in 
microscopic  sections,  the mother's central nervous  system, lungs,  and other 
extravaginal tissues were also free of pathologic  changes and Toxoplasma on 
microscopic  examination. As will be  seen  from inspection  of the  table,  the 
appearance of lesions and parasites at these sites coincided with similar involve- 
ment of the placenta on the 17th and subsequent days. Since the suspensions of 
placental tissue inevitably included a considerable amount of maternal blood, 
it might be expected that the results of the inoculation of placenta would exactly 
parallel  those of the injection of tail blood, and such indeed was the case. 
Inoculation of Uterine WalL--The inoculation of suspensions of the wall of 
the uterine horns revealed the presence of Toxoplasma in this tissue with much 
less regularity than in the placenta and tail blood, and then only when the 
latter was infected.  About one-half of the uteri tested between  the 15th and 
20th days were positive in this respect.  Since no lesions or parasites were ever 
found histologically in the uterine wall before, during, or after this period,  it 
can be presumed that the presence of small and inconstant amounts of maternal 
blood included in the uterine wall, rather than an active infection in the myo- 
metrium and endometrium, accounted for the occasional finding of ToXoplasma 
in these samples. 
Inoculation of Amniotic Fluidz--Amniotic  fluid obtained on the  17th,  18th, 
and  19th  days of pregnancy respectively,  proved  to be  Toxoplasma-free on 
intracerebral inoculation of mice.  In  each  of the 3 animals whose amniotic 
fluid was tested, placental tissue removed and inoculated at the same time, was 
found to contain Toxoplasma. 
Pathology of the Placenta and Associated Structures:--The  placentas were 
well developed and appeared free of abnormalities  on gross inspection. The am- 
niotic fluid was clear. On microscopic examination specific pathologic  changes 
were found only in the allantoic placenta (ectoplacenta).  The yolk sac placenta, 
amnion, umbilical  cord,  decidua basalis,  uterine wall,  and mesometrium re- 
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The lesions in the placenta consisted of small focal areas of degeneration in 
the syncytial trophoblast of the labyrinth (Fig. l). They were roughly round or 
elliptical in shape and measured, on the average, 0.1 mm. in diameter, with a 
range of approximately 0.05 to 0.2 ram. The majority of the lesions occurred in 
the more central portions of the labyrinth. They were, however, also observed 
occasionally near or at the periphery, where they abutted on Reichert's mem- 
brane at the antimesometrial free surface, or lay in contact with the coarse- 
meshed syncytium of the spongy zone. Extension into the spongy zone was 
uncommon, and  only exceptionally was  a  lesion  entirely restricted  to  this 
region. Within the confines of the lesions, the cytoplasm of the trophoblastic 
syncytium became swollen and formed an agglomeration of granular or amor- 
phous material which no longer possessed the faint bluish tinge of the normal 
syncytium. With the loss of cytoplasmic basophilia the syncytium was con- 
verted into a  focus of pallid or frankly eosinophilic debris, in which most of 
the syncytial nuclei also degenerated. They became pale and disappeared, or 
were more deeply stained, shrunken, and underwent karyorrhexis. The degen- 
erative process often appeared to have a  preference for the  trophoblast  sur- 
rounding  the  larger  blood  sinuses penetrating  into  the  labyrinth from  the 
spongy zone, although in many of the smaller lesions this relationship was not 
always distinguished. Frequently maternal blood spaces could be seen in the 
center or toward the margins of the lesions. These channels were compressed or 
collapsed due to swelling of the syncytium enclosing them, and occasionally 
they contained a pinkish coagulum. Now and then portions of the degenerated 
material comprising these placental lesions became calcified. The calcium was 
deposited in  the  form of fine or  coarse,  purple  granules or irregular plates 
(Fig. 4). In most instances, however, calcification was lacking, and the character 
of the focus remained apparently unchanged during its life span of 3 to 4 days. 
Leucocytic infiltration and other evidences of an inflammatory reaction were 
conspicuously absent, both in the focal lesions and elsewhere in the placenta. 
The number of individual lesions in single sections of the placenta was com- 
paratively small.  In  6g  sections made in  a  plane perpendicular  to  the fiat 
surface of the placental disc, the count varied from 0 to 6, the usual number 
being 2 to 4. Yet the total number of such foci in the entire labyrinth of a given 
placenta may easily have been in the hundreds or more. The majority contained 
Toxoplasma. These microorganisms, in varying states of preservation, were seen 
singly, or in small groups of separate individuals, embedded in the degenerating 
syncytial cytoplasm (Fig. 3) or surrounded by a  clear space in it. They were 
commonly located near the periphery of the lesions and immediately adjacent 
to preserved syncytial nuclei (Fig. 2).  Some lesions contained relatively large 
numbers of microorganisms which formed clusters of several dozen or more, 
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identified. Marginally located parasites were at times separated from adjacent 
fetal capillaries by only an extremely thin membrane of persisting protoplasm, 
but  the presence  of Toxoplasma in the lumen of fetal vessels  could not be 
established with certainty. On the other hand, a few parasites did occasionally 
appear to be situated free in the maternal blood spaces within the borders of 
placental lesions. In some of the lesions the outlines of the parasites were indis- 
tinct, and they stained poorly, suggesting that they were undergoing degenera- 
tion along with the syncytial cytoplasm containing them. Calcification of such 
degenerating microorganisms was  sometimes observed in lesions undergoing 
this type of change. Compact clusters of 10 to 15 or more well preserved single 
parasites were also found infrequently without any evident alteration in the 
syncytium harboring them (Fig. 5). These aggregates consisted of well defined 
individuals lying within a small vacuole, usually in close proximity to a syncytial 
nucleus. Toxoplasma "cysts" were not seen in the placenta. 
Among the alterations in the placenta which may be regarded as independent 
of the infection and incidental to the latter part of pregnancy, were large con- 
fluent bands of necrosis in the glycogen and giant cell regions, and in the decidua 
basalis. These bore only a superficial resemblance to the specific lesions in the 
labyrinth and never contained Toxoplasma. They were sometimes associated 
with  considerable  calcification. Recent  thrombosis  of  large  maternal  blood 
vessels  in  the decidua basalis and  immediately adjacent placenta were  not 
infrequently observed, and seemed to be unrelated to the presence  of  toxo- 
plasmic infection. Focal calcification in the syncytium of the labyrinth was 
noted in some specimens in the absence of specific toxoplasmic lesions. 
Fetuses.--A  total of 331 fetuses, representing 61 pregnancies, was obtained 
for pathologic study. The fetuses were removed at autopsy from mice which 
had been infected vaginally at various periods after mating, and which were 
sacrificed or died between the 11th and 21st days of pregnancy. In no instance 
were any gross pathologic abnormalities noted, nor were any lesions or Toxo- 
plasma found in the fetal tissues on microscopic examination. The pertinent 
data relating to these experiments are given in Table II. 
Inoculation of Fetal Tissues into Mice~--Table I, which summarizes the re- 
sults of parallel tests of the pregnant mouse's tail blood, placenta, and fetal 
tissues, shows that fetuses obtained on the llth, 13th, and 15th days of preg- 
nancy, from mothers initially infected on the 8th day, were free of Toxoplasma, 
as determined by inoculation of suspensions of their tissues into normal mice. 
3,  4,  and 4  families of fetuses respectively, were examined at each of these 
periods. Mention has already been made of the presence of parasites in the 
tail blood of the mother, and in the placentas corresponding to one of the 
families of 13 day fetuses, and to all 4 families of 15 day fetuses. Toxoplasma 
was first demonstrated in fetal tissues on the 17th day of pregnancy, 4 days DAVID  COWEN  AND  ABNER  WOLF  411 
after its initial appearance in the placenta and maternal peripheral blood. There 
were 2 such positive tests in a series of 5, 17 day, mice examined. These included 
1 in which a pool of fetal brain, thoracic and abdominal viscera were used, and 1 
in which the liver alone was positive and the brain negative. In the remaining 
3 tests on the 17th day, suspensions of whole fetus were negative in 2, and pooled 
TABLE  II 
Fetuses Obtained  from Vaginally Infected Pregnant Mice 
Age of fetuses 
dny$ 
11 
13 
14 
15 
16 
17 
18 
19 
20 
21 
No. of .pregnant 
mice 
2 
3 
1 
4 
2 
6 
11 
20 
Time after conception  at which mother 
was infected 
days 
8-9; 8-9 
8-9; 8-9; 8--9 
5-6 
8-9; 8-9; 8-10; 8-10 
5-6;. 6--13 
5-6; 8-9; 8-9; 8-9; 8-9; 8-9 
6; 6-7; 6-7; 6-7; 6-7; 6-10; 6-13; 
8-9; 8-10; 9-10; 15-17 
3-5; 3-5; 5-7; 6-7; 6-7; 6-8; 
6--13; 7-15; 8-9; 8-9; 8-9; 8-9; 
8-9; 8-10; 8-11; 8-15; 9-10; 
9-10; 9-11; 12-13 
6-7; 7-11; 7-13; 8; 8-9; 8-9; 8-9; 
8-9 
8-9; 8-10; 10--15; 10-19 
Microscopic  exami. 
nation of fetuses 
for lesions and Toz- 
oplasma 
Negative 
cc 
cL 
cc 
cc 
c~ 
brain, thoracic and abdominal organs were Toxoplasma-free in the third. On the 
18th day parasites were found in the lungs and in the liver of 1 family of fetuses, 
while 2 others were negative. By the 19th day Toxotdasrt~ was present quite 
consistently in  fetal  tissues.  Thus  on  this  day,  these  microorganisms were 
demonstrated in whole fetus suspensions, or in pools of brain and viscera, in all 
of 5 families examined. In 2 additional families of 19 day fetuses whose lungs, 
livers, and brains were tested separately, the liver was positive in 1. On the 
20th day 2 sets of fetuses were studied. One was negative and the other had 412  EXPERIMENTAL  CONG~'NITAL  TOXOPLASMOSIS.  II 
Toxo~lasma demonstrable in the fetal brain, lung, and liver. These organs were 
also shown to contain the parasites in 2 litters of newborn infants tested a few 
hours after delivery. Considering the 19 and 20 day fetuses, and the newborn 
young, as a single group representing conditions close to, or at the time of birth, 
Toxoplasma was found in 8 out of 10 families. Since histopathologic changes 
were not present in the fetuses of newborn mice, and since suspensions of the 
more vascular tissues such as liver, whole fetus, or pooled fetal organs appeared 
to contain the parasites with somewhat greater constancy, it seems probable 
that at this period the microorganisms were present in the circulating blood, 
and had not as yet become fixed in the tissues. Attempts to determine this 
by the inoculation of fetal blood alone were inconclusive because of the dif- 
ficulty of obtaining adequate blood samples from mice at this early stage of their 
life history. 
DISCUSSION 
The sequence of events leading to the passage of Toxoplas~ into the placenta 
and  fetus  under  the  conditions of  these  experiments  is  apparent  from  the 
foregoing observations. The essential factor was the entry of the microorgan- 
isms into the circulating blood of the mother at the proper stage of gestation. 
Associated pathologic studies (2)  have shown that the introduction of Toxo- 
plasma into the vaginal canal of the mouse results in a  localized toxoplasmic 
vaginitis after a primary incubation period of about 3 days, without, at first, 
invasion of other tissues. Following a second lag of 6 to 8 days, focal toxoplas- 
mic lesions appear at distant sites as a result of circulatory spread. In the inocu- 
lation experiments described here, using mice initially infected on the 8th day 
of pregnancy, Toxoplas~ was demonstrated in the mother's tail blood and 
placenta on the 13th day and thereafter until the end of pregnancy. Not until 
the 17th day, however, did the first microscopic lesions begin to develop in the 
mother's peripheral tissues. Among these, the placenta, like the central nervous 
system, appeared to be a particularly receptive site. The placental lesions ap- 
peared at the same time as those in other maternal tissues during the course of 
the parasitemia. They were demonstrated in mice infected vaginally as early as 
the 3rd day and as late as the 9th day of pregnancy. Perhaps because of the 
small size of the placental lesions and their comparatively low numbers, preg- 
nancy often continued its full course undisturbed. This was commonly the case 
when vaginal infection was induced after the 7th day of pregnancy, while earlier 
exposure often resulted in maternal death before the normal completion of gesta- 
tion. When the mother was infected after the 9th day, pregnancy usually pro- 
ceeded to term and the placentas were expelled before there was an opportunity 
for lesions to develop in them. In the labyrinth of the allantoic placenta focal 
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Toxoplasma, constituted the essential  lesion. This was followed in some in- 
stances by calcification of the degenerated cytoplasmic material and parasites, 
but there was no inflammatory  reaction. Occasionally the microorganisms in the 
placenta were capable  of growth for a time without any significant change in 
the ceils harboring them. They did not, however, appear to pass the placental 
barrier without preliminary local proliferation in, and destruction~ of, the tro- 
phoblast, There was no evidence of direct ascension of the~  infection from the 
vagina to the uterine contents. Involvement of the placenta did not occur in the 
absence of active toxoplasmosis in the mother or before vascular dissemination 
from the vagina had taken place. 
With the appearance of characteristic microscopic alterations in the placenta, 
parasites found their way into the fetal capillaries of the labyrinth by passage 
through the thin fetal endothelial barrier,  or possibly as a result of destruction 
of the fetal endothelial cells. By means of the inoculation of test animals, after 
vaginal infection on the 8th day of pregnancy, the microorganisms  could be 
demonstrated in suspensions of whole fetus and of individual fetal organs, on 
and after the 17th day of gestation, as well as in newborn young examined a 
few hours after birth. During this period,  however, no pathologic  changes or 
Toxopl~sma were seen in the tissues of the fetuses on microscopic examination, 
and the parasites were in all probability limited to their circulating blood. They 
were found more often in suspensions of liver or whole fetus which contained 
relatively large amounts of blood, than in the brain or lung. 
Certain features of congenital toxoplasmic infection in man would appear to 
be comparable  to those in the present experiments.  Thus, it is likely that the 
entry of Toxoplasma  into the maternal circulation during pregnancy is also a 
prerequisite for the development of placental and fetal toxoplasmosis in the 
human being,  whatever the portal of entry in the mother may be.  It is, of 
course, not necessary  to assume that the vagina serves as the primary site of 
maternal  infection  in  congenital  human  toxoplasmosis  since  a  parasitemia 
might follow infection by other routes as well. A chronic carrier  state in the 
mother, unless associated with at least the temporary presence of Toxoplasma 
in the blood, would not seem to be adequate to lead to infection of the placenta 
and fetus. In the experimental animals parasites began to appear in the mater- 
nal blood within 5 to 7 days of exposure to Toxoplasma, and a study of the 
pathology of the maternal lesions suggested  that dissemination  of the micro- 
organisms  by the blood did not continue after the first few weeks (2). It is 
probable that in the human being also, Toxoplasma  enters the circulation  and 
reaches the placenta comparatively  early in the course of the maternal infection. 
The longer duration of pregnancy in man perhaps provides a greater opportunity 
for a transient parasitemia to result in placental and fetal toxoplasmosis than in 
the mouse. Although the maternal infection in the human being appears,  in 414  EXPERIMENTAL  CONGENITAL  TOXOPLASMOSIS.  IX 
general, to be milder than in the mouse and may offer a greater chance of sur- 
vival of the fetus, one may speculate as to whether certain unexplained spon- 
taneous abortions and fetal deaths in man may not be due to as yet unrecognized 
placentM toxoplasmosis or to fetal infection in the prepathologic phase. In the 
mice the placentas and fetuses appeared entirely normal on ordinary inspection. 
Because of the large bulk of the human placenta and the small dimensions of the 
specific lesions, if they be like those in the mouse, routine gross examination 
might easily fail to reveal evidences of placental toxoplasmosis, and only in- 
tensive microscopic study, or the inoculation of suitable test animals, could be 
expected  to disclose the presence of Toxoplasma. As in the mouse, pathologic 
examination of the human fetus or newborn  infant might also fail to reveal 
signs of congenital toxoplasmosis in the period before characteristic lesions of 
the disease appear. 
SUM~RY 
Pregnant mice infected with Toxoplasma by the vaginal route have been 
found to transmit toxoplasmosis  to the placentas and fetuses in utefo. The 
microorganism  entered the blood stream of the mother from primary loci of 
infection in the vaginal wall and produced disseminated lesions in the labyrinth 
of the allantoic placenta at the same time as other peripheral  maternal tissues 
were  involved.  Placental lesions were observed  in mice  infected with Toxo- 
plasma by vagina between the 3rd and the 9th day of pregnancy. They con- 
sisted of microscopic foci of degeneration, without inflammation,  in the syncytial 
trophoblast, and parasites undergoing  multiplication were readily identified  in 
them. Here Toxoplasma gained access to the fetal circulation.  Following the 
vaginal instillation of Toxoplasma on the 8th day of pregnancy, subinoculation 
of test animals revealed the parasites in the maternal peripheral and placental 
blood on the 13th day and later, while the first histopathologic changes in the 
placenta were found on the 17th day. Toxoptasma could be demonstrated in 
suspensions of fetal tissues on and after the 17th day by the injection of normal 
test animals. However, no lesions of toxoplasmosis, or Toxoplasma, were found 
in histologic sections of fetuses 11 to 21 dffys old removed at autopsy from va- 
ginally infected mothers. It is concluded  that before birth the parasites were 
confined to the fetal blood. The experiments provide the first direct histological 
demonstration of placental toxoplasmosis. The possible bearing of the experi- 
mental disease  on human placental and fetal  toxoplasmosis  is  briefly con- 
sidered. It is probable that a maternal parasitemia during the latter part of preg- 
nancy, whatever the portal of entry may be, is an essential factor in the patho- 
genesis of human congenital  toxoplasmosis and that this occurs shortly after 
exposure to Toxoplasma rather than in a later chronic stage of the infection. 
The suggestion is offered that some instances of spontaneous abortion or fetal 
death in man, as in the mouse, may be due to inapparent toxoplasmosis. DAVID COWEN AND ABNER WOLF  415 
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EXPLANATION OF PLATE 23 
The sections were all stained with hematoxylin and eosin. 
FIo. 1. Focal area of degeneration without inflammation in labyrinth of a placenta, 
due to infection with Toxopl~sma. X  250. 
FIG. 2. Toxoplasma in degenerating synctium near margin of the placental lesion 
shown in FIG. 1.  X  1000. 
FIG. 3.  Toxopl~ma in the necrotic material of a  focal lesion in the placenta.  X 
1000. 
FIG. 4. Calcification in a focal necrotizing lesion in the placenta. X  125. 
FIG. 5. Toxoplasrn~ proliferating in the placenta without production of a local lesion. 
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